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A B S T R A C T
Objectives: The epidemics of cholera were reported in the Kashipur, K.singhpur, B cuttack blocks of
Rayagada district and Mohana block of Gajapati district of Odisha during 2010. The present study was
carried out to isolate the bacterial pathogen, its drug sensitivity pattern and to describe the spread of the
disease in those areas.
Methods: A total of 68 rectal swabs collected from patients with severe diarrhea, admitted to
different health centers and diarrhea affected villages were bacteriologically analyzed. Similarly
22 water samples collected from different villages from nala, chua, etc were tested for the presence of V
cholerae.
Results: Out of 68 rectal swabs tested 35 (51.5%) were V cholerae O1 Ogawa and 14(20.6%) were E coli;
which might be commensals. All water samples were negative for V cholerae. The V cholerae strains were
sensitive to gentamicin, norﬂoxacin, ciproﬂoxacin, azithromycin and oﬂoxacin; but were resistant to
ampicillin, tetracycline, nalidixic acid, furazolidone, streptomycin, erythromycin, co-trimoxazole,
neomycin and chloramphenicol. All V cholerae strains were 100% resistant to tetracycline and they were
El Tor variants harboring ctxB gene of classical strain.
Conclusions: The present study indicated the emergence and spread of tetracycline resistant V cholerae
O1 El Tor variant in the tribal areas which needs close monitoring.
 2015 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Cholera, the severe form of acute secretary diarrhoea, is caused
by Vibro cholerae. It is estimated that cholera kills more than
100000 people worldwide every year, mainly infecting children
between 1 and 5 years old1. The V. cholerae strains belong to sero
group O1 and are classiﬁed into two biotypes, classical and El Tor
and into three sero types Inaba, Ogawa and Hikojima. The V
cholerae polyvalent strains have more than 200 sero groups.
However, only V. cholerae sero groups O1 and O139 produce the
enterotoxin, cholera toxin (CT) that is reported to cause the* Corresponding author. Microbiology Division, Regional Medical Research
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/).disease.2 The sixth pandemic of cholera is caused by classical
strains of V.cholerae, whereas the seventh pandemic is continuing
due to the El Tor biotype3. New pathogenic V. cholerae variants
have emerged and spread throughout many Asian and African
countries over the past decade. These variants display a mixture of
phenotypic and genotypic traits from the two main biotypes
(Classical and El Tor), thus suggesting that they are genetic
hybrids4. Actually cholera cases caused by El Tor variant with
classical- type CTB subunit (ctxB) were reported in Mozambique 5,
Bangladesh6 and several other countries in Asia and Africa
including Odisha7–10. The epidemic of cholera was reported for
the ﬁrst time in tribal dominated six blocks of three districts due to
El Tor variants of V cholerae possessing the ctxB gene of classical
strains which caused a lot of morbidity in those areas10. Here we
report the reemergence of the El tor variant of the ctxB gene of
classical strains of V. cholerae causing a cholera epidemic after a
gap of three years in the same tribal areas of Odisha. During theciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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affecting a large tribal population originated from the Kashipur
block of Rayagada district, gradually spread to its adjacent
blocks like K.singhpur and B.Cuttack, and also the Mohana block
from the Gajapati district. The present study envisaged the
causative agent of this cholera epidemic, its antibiogram proﬁle
and the date-wise spread of the disease in the worst affected tribal
blocks of Odisha.
2. Materials and methods
2.1. Sample collection
Rectal swabs from diarrhoea patients were collected in Cary–
Blair transport medium from various public health centres (PHCs)
and community health centres (CHCs) of Kashipur, K.singhpur,
B.cuttack from Rayagada district and the Mohana block of Gajapati
district and also from the households of cholera affected villages.
The rectal swabs were collected from diarrhoea patients prior to
the initiation of any antibiotics. The samples were transported to
the Microbiology Division of the Regional Medical Research Centre,
Bhubaneswar, within 24 h of collection for bacteriological analysis.
Simultaneously environmental water samples were also collected
from the stream, river, chua (small pond in paddy ﬁeld/small water
reservoir), nala and household water supplies from different
affected villages.
2.2. Processing of samples and media used
Rectal swabs were inoculated onto MacConkey agar, Thiosul-
fate citrate bile salt sucrose (TCBS) agar, and Hektoen enteric agar
(HEA), and enrichment was done in Selenite F broth and alkaline
peptone water (APW) procured from Becton and Dickinson
(BD,USA). Similarly, water samples were processed through
membrane ﬁltration and sedimentation, and enriched in double-
strength APW medium and further sub-cultured on TCBS agar
plates to look for the growth of V. cholerae strains. V. cholerae was
identiﬁed by standard biochemical test. Sero typing was carried
out for conﬁrmation of V. cholerae using antisera obtained from BD
(USA)10.
2.3. Antimicrobial susceptibility testing
The sensitivity and the resistance patterns of V. cholerae O1
strains were tested with antibiotic-impregnated commercial disks
(Hi-Media, Mumbai, India) using ampicillin (10 mg), chloram-
phenicol (30 mg), co-trimoxazole (25 mg), ciproﬂoxacin (5 mg),
furazolidone (100 mg), gentamicin (10 mg), neomycin (30 mg),
nalidixic acid (30 mg), norﬂoxacin (10 mg), streptomycin (10 mg),
tetracycline (30 mg), azithromycin (15 mg) and polymyxin B
(50 mg). V. cholerae O1 strains were sub-cultured in tryptic soy
broth (BD, USA) and plated on Mueller–Hinton agar (BD, USA).
Plates were incubated for 24 h at 37 8C. Characterization of strains
as susceptible or resistant was determined based on the size of the
inhibition zones around each antibiotic disk in accordance with the
manufacturer’s instructions following the Kirby–Bauer technique
(1966)11.
2.4. PCR assay
A multiplex PCR-based assay was employed to determine the
presence of the A-subunit of cholera toxin gene (ctxA) and to
biotype the V. cholerae strains by targeting tcpA (encoding the
major structural subunit of the toxin-coregulated pilus), which is
speciﬁc for El Tor and classical strains by the method described by
Keasler and Hall (1993)12.Mismatch ampliﬁcation mutation assay (MAMA)-PCR to
differentiate the cholera toxin B subunit of classical and El Tor
biotypes of V. cholerae O1:
The MAMA-PCR was designed to detect the nucleotide
sequence difference at position 203 of the ctxB gene for the
identiﬁcation of cholera toxin of classical and El Tor biotypes of V.
cholerae. For this, a conserved forward primer (FW-Com) and two
allele-speciﬁc primers, Rv-cla and Rv-elt were designed that can
amplify ctxB of classical and El Tor biotypes, respectively. Using the
above technique the clinical isolates of all V. cholerae O1 strains
were subjected to simplex PCR assay to detect the V. cholerae O1 El
Tor variant that harbors classical ctxB and V. cholerae O1 that
harbors El Tor ctxB separately13.
3. Results
The clinical signs and symptoms of the diarrhoea patients were
sudden onset of belching abdominal pain within 5–6 hours with
rice watery stool, vomiting and rapid progress of severe dehydra-
tion with muscular cramping. The data obtained from the Chief
district medical ofﬁce (CDMO) in Rayagada revealed that 8 out of
11 blocks of the Rayagada district were diarrhoea affected, out of
which Kashipur, K.singhpur and B.cuttack were the worst affected.
Similarly, the Mohana block of the Gajapati district, which was
adjacent to the Rayagada district, was also affected by severe
diarrhoea cases. A total of 97 gram panchayats (GP), 453 villages,
2152 cases and only 43 deaths were reported from these districts.
(Fig. 1). The incidence of severe diarrhoea cases in 4 tribal blocks is
depicted in Fig. 2, which revealed different peaks in different
blocks and also in different affected villages in different time
periods. The epidemic started on 06.08.2010 and subsided on
04.10.2010. The index case was a 28 year-old female from the
village Siripai of the Kasipur block of the Rayagada district with
clinical history of rice watery stool with vomiting and severe
dehydration who suffered from severe diarrhoea on 6/8/2010 and
expired on 6/8/2010. Gradually the cases increased and spread to
other villages of Kashipur block and then to K.singhpur and
B.cuttack and ﬁnally to the Mohana block of Gajapati district.
Considering the ﬁrst and last occurrence of diarrhoea patients in
each village and in each block, the spread of disease was studied in
Kashipur, K.singhpur, and B cuttack blocks of Rayagada district
which were worst affected. From the Baharpadamajhi village of
Kashipur block, the bacteria migrated to Kesingi village of
K.singhpur block and caused the disease (09/09/10). Then the
bacteria percolated in K.singpur block infecting many people. From
Karanja village of K.singhpur (13/09/10), the bacteria migrated to
Sana Gotiguda village of B Cuttack and spread there (Fig. 3). Then
from B cuttack block the bacteria migrated to Mohana block of
Gajapati district where only 10 villages were affected, which were
least in number in comparison to the three blocks of Rayagada
district. Migration of bacteria from B. cuttack to Mohana block is
very difﬁcult to describe. The Mohana block reported 65 cases and
two deaths, and 10 villages were cholera affected.
A total of 68 rectal swabs were collected from hospitalized
diarrhoea patients and also from the diarrhoea affected villages
from the above mentioned blocks during the month of September,
2010. Out of 68 rectal swabs collected, 35 samples (51.5%) were
positive for V. cholerae O1 Ogawa biotype El Tor and 14(20.6%)
were E. coli which might be commensals (Table 1). A total of
22 water samples collected from different villages from nala, chua
(small dug well), tube well, and stream were negative for V.cholerae
O1 strain which was due to heavily decontaminating with
bleaching powder by health ofﬁcials from the state government.
The V.cholerae O1 Ogawa strains were sensitive to gentamicin,
norﬂoxacin, ciproﬂoxacin, azithromycin and oﬂoxacin; but were
resistant to ampicillin, tetracycline, nalidixic acid, furazolidone,
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Fig. 2. Epi curve showing datewise severe diarrhoea cases in four tribal blocks (August- October, 2010).
Fig. 1. Odisha map showing severely diarrhoea affected blocks of Rayagada and Gajapati district.
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Fig. 3. Spread of V. cholerae in three blocks of Rayagada district: August-September, 2010.
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amphenicol. The multiplex PCR assay showed that all V. cholerae
were positive for ctxA and tcpA genes showing biotype El Tor,
however the MAMA PCR assay for the detection of cholera toxin B
subunit of the classic biotype of V.cholerae O1 indicated that all
strains were El Tor variant of V. cholerae that harbored the classic
ctxB gene.
4. Discussion
Contamination of water sources is the major cause of
transmission of cholera. During the rainy season people usually
go to paddy ﬁelds, drink water from different water sources like
nala, chua, river and stream, and get infections, which has already
been published from the same area during the 2002 cholera
outbreak and the 2007 cholera epidemic10. This outbreak was
mostly conﬁned to schedule caste and schedule tribe population
who are socially backward, mostly illiterate, and poor. The
majority of diarrhoea cases were over 25 years age.Table 1
Bacteriological analysis of entero-pathogens isolated from
diarrhoea patients from four tribal blocks
Total samples collected 68
Culture positive 49 (72.1%)
E. coli 14 (20.6%)
V. cholerae O1 Ogawa 35 (51.5%)
Culture negative 19 (27.9%)Analysis of incidence of severe diarrhoea cases after 2007 chol-
era epidemic in these blocks indicated that the highest number of
diarrhoea cases were reported during August to October, 2010 in
the Kashipur, K. singhpur, B cuttack and Mohana blocks in
comparison to the previous three years (2008 to 2010). The spread
of the disease might be due to household contacts, unhygienic
health practices, contamination of water sources, population
migration etc. The infection spread to different villages of Kashipur
K. singhpur and B. cuttack blocks of Rayagada district and the
Mohana block of Gajapati district, which were close to each other.
The early reporting of the pathogen that was isolated from stool
samples; chlorination of different water sources, and institution of
appropriate control measures kept the cholera epidemic in check
in this region.
A high percentage of (100%) resistance to ampicillin,tetracy-
cline, nalidixic acid, furazolidone, streptomycin, erythromycin, co-
trimoxazole, neomycin and chloramphenicol to V.cholerae O1
Ogawa strains were observed in the present study with contrast to
the cholera epidemic of 2007 that happened in the same area of
Kashipur block where V. cholerae O1 Ogawa strains were resistant
to chloramphenicol, norﬂoxacin, ciproﬂoxacin, nalidixic acid and
furazolidone10. Emergence of El Tor variant tetracycline resistance
of V.cholerae O1 in Assam has been reported during 201214. Simi-
larly tetracycline resistance of V cholerae had been reported in
Bangladesh during 197915. The study conducted in Kolkata16
indicated that the sudden upsurge of tetracycline resistant cholera
strains appeared during 2007. The spread of cholera due to El Tor
variant V. cholerae O1 Ogava strains was noticed in different
districts of the state during 2008 and 200917. During the
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Tor variant stains were 100% sensitive to tetracycline. Gradually
10% during 2008 and 20% during 2009 tetracycline resistant V.
cholerae O1 strains were reported from this state (Unpublished).
Suddenly 100% tetracycline resistant V. cholerae strains were
reported during the 2010 cholera epidemic from tribal areas of
Odisha, which is the ﬁrst report from this state. Tetracycline is the
drug of choice for effective cholera treatment. The tetracycline
resistant strains were also reported from the cholera epidemic in
Tanzania18. In a similar situation the extensive use of tetracycline
triggered the rapid emergence and spread of the tetracycline
resistance gene in Madagascar19. Similarly the tetracycline
resistance of V cholerae strains was reported in Mozabinque20
and Kolkatta21. Notably tetracycline resistant strains of V. cholerae
O1 Ogawa have been responsible for major epidemics in Latin
America, Tanzania, Bangladesh and Zaire22. The cause of the
sudden rise of tetracycline resistance in 2010 is unclear. This might
be due to extensive irrational use of tetracycline during the
2007 cholera epidemic in the Kashipur area. Secondly, new villages
were cholera affected during 2010 in the Kashipur block, in
comparison to those villages affected in the same area in the
2007 cholera epidemic, which might be due to acquired
immunity. An increase in antibiotic pressure in the community
might be the reason for the emergence for such resistant strains.
Extensive misuse of antibiotics without proper sensitivity testing
and lack of a proper surveillance programme to monitor bacterial
resistance in the study area might be the reason for the emergence
of multiple antibiotic resistant V cholerae strains that caused
the epidemic10.
All of the clinical isolates of V cholerae were positive for ctxA and
tcpA genes showing biotype El Tor and all were hybrids of the V
cholerae O1 Ogawa biotype El Tor variant that harbored the classic
ctxB gene as determined by simplex MAMA PCR assay. The
retrospective analysis of El Tor variants of V cholerae strains that
caused the epidemic during 2007 in Rayagada district were ﬁrst
isolated during 1995 from the coastal district of Odisha (unpub-
lished). The hybrid strains which appeared during 2007 in the
Kashipur area of Rayagada district caused a large epidemic that
again reappeared after three years in different areas of the
Kashipur block, in contrast to those affected in the 2007 cholera
epidemic, and gradually spread to B cuttack, K.singhpur block of
the same district and the Mohana block of Gajapati district. The
2007 cholera epidemic in the tribal areas of Odisha was due to El
Tor variant V. cholerae O1 Ogawa strains with a higher case fatality
rate10. However, during this cholera epidemic the death rate was
lower in comparison to that for the 2007 cholera epidemic, which
was due to early reporting of the pathogen and case management
at appropriate times, at both the hospitals and the villages. The
present V. cholerae strains might be related to El Tor variants of the
2007 cholera epidemic in the same area, which needs further
analysis by RAPD PCR, PFGE, dendrogram, sequencing etc. This
should be analyzed in comparison with other outbreaks which
were reported from 1995 to 2013 from this state.
In view of the upsurge of the global prevalence of cholera, there
should be continuous surveillance for prevention, preparedness
and early detection as well as a prompt response for the diarrhoeal
outbreak23. Therefore, molecular epidemiology with continuous
monitoring of antimicrobial susceptibility and strains tracking are
important tools for obtaining data to guide the adaptation of policy
for control of cholera at the national and global levels.
This is the ﬁrst report of the highest percentage of tetracycline
resistant El tor variant V cholerae O1 Ogawa strains having
epidemic potential being reported from the western part of two
districts of Odisha. Secondly the multiple drug resistant V cholerae
El Tor variant strains showed a rapid spread in the tribal population
of the state. It is very likely that future outbreaks or epidemics ofcholera in Odisha may happen due to these El Tor variant V cholerae
strains with multiple drug resistance patterns, requiring close
monitoring of this strain in other parts of the state.
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